Aim: the aim of the present study is to evaluate the prognostic influence of loss of heterozygosity on 2p, 3p, 5q, 17p and 18q, and c-myc overexpression on surgically treated sporadic colorectal carcinoma.
INTRODUCTION
Colorectal carcinoma (CRC) is one of the most frequently diagnosed solid tumors. It is the second cause of cancer-related death in the Western world (1, 2) , and in Spain it causes 11% of cancer-related deaths in the male population and 15% in the female one (3).
The high incidence of CRC and the ease with which tumor tissue samples are obtained in different evolutionary stages have both led to the description of a tumor progression model, from benign polyps to invasive cancers (4) , all along the genetic events associated with this neoplastic transformation. These include, APC deletion, DNA hypomethylation, k-ras mutations, allelic losses in DCC, or p53 alterations (4, 5) .
The expression of some of these genetic alterations seems to accompany tumoral phenotypes -more or less aggressive-and the detection of these alterations could be in the future the basis for deciding the application of adjuvant therapies, which to date are only based in the only universally accepted prognostic factor -tumor stage.
The present work analyzes the overexpression of the cmyc gene, a dominant oncogene that may also behave as a suppressor gene, and the loss of heterozygosity in different chromosomal regions in a series of surgicallytreated patients with sporadic CRC, as well as the influence of these alterations on the recurrence of disease.
PATIENTS AND METHODS

Patients
One-hundred and fifty-three patients, 78 males and 75 females, electively operated on for sporadic CRC, were included. Mean age in this series was 67 years . Eighteen patients had a Dukes' A tumor, 61 had a Dukes' B, 47 a Dukes' C, and 27 had a stage D. Thirty-seven tumors were located in the proximal colon, 37 in the distal bowel, and 79 in the rectum.
Three patients (2%) died in the postoperative period and were excluded of the survival analysis.
Patients with stage-B or higher disease were postoperatively treated with adjuvant therapy unless medically contraindicated. After discharge or chemotherapy completion, all patients were included in a follow-up protocol (6) ( Table I) . Suspicion of tumor relapse guided the intent to obtain cytological or histological confirmation, but a radiolographic image with or without elevated tumor markers was enough to diagnose tumor recurrence.
Sample harvesting. Immediately after bowel resection, the specimen was opened and washed. Tumor and normal mucosa samples were harvested. Tissue specimens were frozen in liquid nitrogen and stored at -80 ºC in a freezer for later analysis. All patients gave their informed consent for the use of their tissues, and the study was approved by the local Ethics Committee.
c-myc overexpression. c-myc overexpression was evaluated using a Northern-blot analysis. Tissues for RNA extraction, frozen at -80 ºC, were immediately homogenized in an ice-cold solution of guanidinium thyocyanate, to minimize the risk of RNA degradation. Moreover, all solutions used for RNA extraction were RNAase-free. Thus, RNA was extracted from tumor and non-tumor samples using Chomczynski and Sacchi method (7) , and quantitated by UV spectrophotometry. Thirty micrograms of total RNA were denatured in 50% formamide, 2.2 M formaldehyde, 20 mM MOPS (morpholin propanosulphonic acid) (pH 7.0), 6% glycerol at 65 ºC for 15 min, separated by size on gels containing 0.9% agarose and 0.66 M formaldehyde, and blotted on GeneScreen TM membranes (NEN Research Products, Dupont, Boston, MA). RNA was cross-linked to the membrane by UV light. The membrane was then prehybridized for 3 hours and hybridized for 24 h at 42 ºC in a buffer containing 0.25 M Na 2 PO 4 (pH 7.2), 0.25 M NaCl, 1 mM EDTA, 100 µg/ml denatured salmon sperm DNA, 7% SDS (sodium dodecyl sulphate), 50% deionized formamide, and the labeled probe. The c-myc DNA probe was labeled with (α 32 P) dCTP by random priming reaction. After hybridization, membranes were washed and exposed to Kodak X-OMAT AR films. Densitometric quantification of the autoradiograms was performed in a Molecular Dynamics (Sunnyvale, CA) scanning laser densitometer. The 18S ribosomal probe was used for RNA normalization. Results were obtained comparing the c-myc signal in tumor samples to the c-myc signal in non-tumor samples.
Loss of heterozigosity. DNA was extracted as reported by Blin and Stafford (8) . DNA samples were analyzed by polymerase chain reaction for loss of heterozigosity at loci exposed in table II. The polymerase chain reaction was performed in a Thermocycler Perkin Elmer (Gene Amp PCR System 2400) system, and was carried out in a 20 µl volume containing: 50 ng of genomic DNA, 1 µM of primer, 0.2 mM of each deoxynucleoside triphosphate, 10 mM Tris HCl (pH 8.3), 50 mM KCl, 2 mM MgCl 2 , 0.5 µl (α 32 P)dCTP (3000 Ci/mmol) (Amersham, Buckinghamshire, UK), and 1 U of Dynazyme Thermostable DNA Polymerase (Finnzymes OY, Helsinki, Finland). PCR conditions were as follows: initial denaturation at 94 ºC for 5 min, 30 cycles of 94 ºC for 0.5 min, 55 ºC for 0.5 min, and 72 ºC for 1 min. Final extension was 72 ºC for 7 min. PCR products were denatured by 95% for- 
mamide and electrophoresed on 7 M urea polyacrylamide gels for 3 h at 43 W, followed by autoradiography. Loss of heterozygosity was considered when a complete loss of one or both alleles of the locus appeared. Statistical analysis. All clinical and pathological results were compared with molecular data by means of χ 2 or Fisher's tests for qualitative variables, and t-test for continuous ones. Disease-free survival was studied with Kaplan Meier curves, compared with the log rank test. Variables obtaining prognostic signification were entered into a Cox Proportional Hazards Model. All calculations were carried out with the Statistical Package for Social Sciences, version 10.0, for Windows (SPSS Inc, Chicago, IL, license number 7269515).
RESULTS
In 39 cases, we detected overexpression of c-myc (25.5%), with no relationship to sex, tumor location, grade of differentiation, or tumor stage. Patients with c-myc overexpression were significantly younger, 64.2 vs. 68.6 years, p = 0.03.
We could study loss of heterozigosity (loh) in 143 samples; in 69 cases (48.3%) loh was detected in at least one of the studied regions. There was no association to any of the variables analyzed, but we found a non-statistical association between loh and grade of differentiation, as 32% of well-differentiated tumors showed loh, 51% of intermediate ones harboured the alteration, and 57% of poorly differentiated tumors were loh+ (p = 0.09).
Among 143 patients in which both genetic alterations were analyzed, 57 cases (39.9%) were negative both for loh and c-myc overexpression, and 20 cases were positive for both of them.
Survival studies
Mean follow-up was 28 months, with a range from 0 to 115 months. We detected 35 tumor recurrences (22.9%). Mean disease-free survival for patients in stages A to C was 69% at 5 years. c-myc overexpression was associated with a shorter disease-free survival, mainly between patients in Dukes' B stage (c-myc +: 58% vs. c-myc -: 86%), but statistical signification was not reached.
Loh was a poor prognosis feature, as the disease-free survival estimation was 56% at 5 years for patients with allelic loss, while it was 75% for patients without loh (p = 0.07); differences were higher in Dukes' B stage (68 vs. 92%, p < 0.05), reaching statistical signification.
In an attempt to determine the prognostic influence of both alterations together, the series was divided into four subsets: patients with no detectable alterations, patients with c-myc overexpression and no loh, patients harbouring loh but not c-myc overexpression, and patients with both genetic alterations. Disease-free survival showed a significantly worse prognosis for the latter group -patients with both c-myc overexpression and loh-as only 33% of these patients were disease-free at 5 years (p = 0.002) (Fig. 1) .
To estimate prognostic independence, genetic alterations were compared to "classic" prognostic factors such as Dukes' stage and tumor location. In the multivariate analysis all three behaved as independent prognostic factors, with the relative risk for recurrence being 3.11 for patients in stage C, 3.35 for tumors located in the rectum, and 4.34 for tumors with loh and c-myc overexpression (Table III) .
DISCUSSION
The c-myc oncogene is overexpressed or amplified in one third of CRCs (9,10), and in up to 65% of cases when its protein is investigated by means of immunohistochemical analysis (11) . The difference between DNA or RNA analysis and protein analysis lies in that the former technique only evaluates increased synthesis, while the latter includes also decreased degradation. It is not clear (11, 13) . Attending to the location of the tumor, most authors find increased expression of c-myc in distal colon tumors and rectal cancers, while proximal tumors would be characterized by other genetic alterations such as microsatellite instability (14, 15) . Loh has been reported in up to 80% of CRCs. Loh refers to the alteration detected as a partial or total loss of one of the alleles of the analyzed loci, and we define the genotype loh +, which appears to characterize a different phenotype of colorectal cancer (16) . In our study we investigated all the chromosomal regions involved in CRC, i.e. 2p, 3p, 5q, 17p and 18q, which are those containing already identified -or unidentified but suspected as yet (2p, 3p)-suppressor genes (APC, p53, DCC). Loh is reported more frequently in advanced tumors, as if there was a progressive loss of genetic material parallel to tumor progression (17); in our series, loh prevalence is just below 50%, and it appears not to be associated with tumor stage or the location of the tumor (18) .
Los pacientes con expresión de las dos alteraciones genéticas presentan un pronóstico significativamente peor que los enfermos sin expresión de ambas o con expresión de una de las dos pero no la otra.
The prognostic value of c-myc overexpression in CRC has been studied in many different ways, but neither DNA amplification (19) , nor RNA overexpression (20, 21) or the immunohistochemical analysis of the protein (11, 13 ) have yet clarified the role of this oncogene in the evolution of this disease. Augenlicht et al. (19) reported a very interesting work where they found that patients with c-myc gene amplification had a better response to surgery plus adjuvant therapy with levamisole and 5-fluorouracil. Although their series is short and they did not find prognostic independence, their paper represents a good basis for the investigation of response to chemotherapy in association with the expression of this gene. Bhatavdekar et al. (11) found prognostic differences in relation to c-myc protein expression in a short series of Dukes' B and C patients, with a greater level of significance when c-myc was considered together with Bcl-2 and p53; the authors postulate that the prognostic importance of these genes lies in the cooperation between them. The same conclusions are reported by Smith and Goh (21) , who found a different prognosis -in this case a better one-in the group of patients with c-myc overexpression associated with "wild-type" p53 overexpression.
Chromosomal deletions usually affect negatively the prognosis of CRC. Our group recently reported a relationship between 3p23 loh and shorter survival (22) . In the case of 17p the prognostic influence is variable (23) , and one can even find reports that confer a protective value to p53 alterations (24, 25) . Allelic losses in 18q are usually found to be related to a poorer clinical course, as reported by Vogelstein et al. (26) and by Rosell et al. in our country (27) ; both studies find 18q loh to be an independent prognostic factor for CRC. The same is found for 5q loh (APC), which usually behaves as a negative prognostic attribute (28) .
Taken all allelic losses together, i.e. considering "loh +" the phenotype characterized by the presence of at least one allelic loss, we find a worse prognosis for patients harbouring this anomaly, just as our group and other authors have previously reported (17, 29) . Though statistical significance is not reached, when stage B is considered separately differences reach signification, which almost happens in the case of c-myc. This is a quite important fact, as stage B patients are those who obtain no clear benefit from adjuvant therapy; with a genetic study, we could select patients with an estimated poor outcome, and they would receive postoperative chemotherapy.
The association of both genetic events is clearly a poor prognostic factor, and it behaves independently regarding other known prognostic variables. How could both genetic events be linked? The oncogene c-myc was originally described as a gene activated following mutagenic stimuli, depending upon the expression of growth factors and with a regulatory activity on cell growth. Its presence seems to be essential for the progression from phase G1 to S, and it also regulates cellular differentiation and promotes transformation.
It has recently been rediscovered, as a tumor suppressor gene that may induce cell death through apoptosis. The dual function depends upon the cellular environment and the status of the genes targeted by c-myc (30) . Regarding cooperation mechanisms, or the relationship between c-myc and the deleted genes in the loh genotype, some of them have already been elucidated. The APC gene in 5q is connected to c-myc through the wnt way, a membrane protein implied in intercellular communication, growth and differentiation. Wnt signals induce the release of the complex APC-β-catenin, and so β-catenin can move to the nucleus to inhibit the suppression of c-myc by different proteins such as Groucho or CBP. In this way stimulus from the wnt receptor induces cellular proliferation and transformation through c-myc, and this mechanism is reproduced when there is APC mutation or 5q deletion, as β-catenin cannot complete its action (31) (32) (33) . On the other hand, cooperation with p53 appears to occur through the opposite way, the negative growth control or its behaviour as an apoptotic inductor and a tumor suppressor gene. It seems that "wild-type" p53 protein plays a role in Fas-mediated apoptosis as induced by c-myc (34) . In this way, gene mutations or 17p deletions would cause an inhibition of c-myc -mediated apoptosis, a stimulation of cellular transformation, and neoplasic development. There are probably similar mechanisms which positively or negatively relate to the different genes considered in the loh genotype, and they would be responsible for the poorer outcome of patients harbouring these alterations.
